The use of externally bonded fiber reinforced polymer (FRP) sheets, strips or steel plates is a modern and convenient way for strengthening of reinforced concrete (RC) beams. Several researches have been carried out on reinforced concrete beams with web openings that strengthened using fiber reinforced polymer composite. Majority of researches focused on shear strengthening compared with flexural strengthening, while others studied the effect of openings on shear and flexural separately with various loading. This paper investigates the impact of more than sixty articles on opening reinforced concrete beams with and without strengthening by fiber reinforcement polymers FRP. Moreover, important practical issues, which are contributed in shear strengthening of beams with different strengthening techniques, such as steel plate and FRP laminate, and detailed with various design approaches are discussed. Furthermore, a simple technique of applying fiber reinforced polymer contributed with steel plate for strengthening the RC beams with openings under different load application is concluded. Directions for future research based on the existing gaps of the present works are presented.
Introduction
Transverse opening in reinforced concrete beams is a facility that allows the utility line to pass through the structure. This type of design encourages the designer to reduce the height of the structure consequently leads to an economical design. Due to the sudden changes in the cross section of the beam, the edges of the opening can be subjected to stress concentration, and it is possible to induce transverse cracks in the beam (Fig. 1) . Particularly in rehabilitation works and newly builds structure, the external bonding of high-strength fiber reinforced plastics (FRP) has widely gained popularity in recent years to strength the structural concrete members. Comprehensive experimental investigations has been conducted to show that the strengthening method has several advantages over the traditional ones, especially due to its corrosion resistance, high stiffness-to-weight ratio, improved durability and flexibility in its usage over steel plates. The maintenance, rehabilitation and upgrading of structural members perhaps are the most crucial problems in civil engineering applications. Difference in members design using absolute design codes in different parts of the world is structurally unsafe compared to the new design codes. Since replacement of such deficient elements of structures incurs a huge amount of public amount and time, strengthening has & Bashir H. Osman bashir00@yahoo.com become the acceptable way of improving their load carrying capacity and extending their service lives (Alferjani et al. 2013) . The use of FRP materials in civil infrastructure for the repair and strengthening of reinforced concrete structures and for new construction has become a common practice. The most efficient technique for improving the shear strength of deteriorated RC members is to externally bond FRP plates or sheets (Kim et al. 2008) . When the FRP was compared with steel materials, it was found that it provided unique opportunities to develop the shapes and forms, to facilitate their use in construction. Although, the materials used in FRP such as, fiber and resins are relatively expensive when compared with traditional materials, considering that the FRP equipment installation systems are lower in cost (Alferjani et al. 2013) .
The usage of FRP in engineering practice FRP usage in civil engineering works dates back to the 1950s when glass fiber-reinforced polymer (GFRP) bars were first investigated for structural use. It was finally considered for structural engineering applications, owing to its superior performance when joint with epoxycoated steel. Due to its poor performance within thermosetting resins cured at high molding pressures, GFRP was not succeed in the first applications (Reinforcing Concrete Structures with Fibre Reinforced Polymers 2007). FRP in civil engineering can be classified into: for new constructions repair and rehabilitation applications, and architectural applications (Fig. 2) . It widely emerged in the structures design such as, bridges and columns built completely out of FRP composites. It also demonstrated exceptional durability and effective resistance to the effects of environmental exposure. Figure 3 show the configuration of FRP application.
Previous studies on RC beams with openings
Experimental studies of opening beams without strengthening
Ultimate strength RC beam that contained a large rectangular opening and subjected to a point load was investigated by . The proposed method used in their study showed that the distribution of external shear between the chord members and the collapse load of the beam mainly depend on the cross-sectional properties, size and location of the opening. Their theoretical results showed good agreement with experimental results. Torunbalci (2000) utilized the nonlinear finite element method to study the behavior of reinforced concrete beams containing small square openings under increasing loads. The effects of section reduction due to the openings on the load-carrying capacity of the beams and the important design parameters, such as opening locations and presence of web reinforcement are investigated. Torunbalci (2002) experimentally investigated the behavior of RC beams with large rectangular opening to study the effects of opening locations and the presence of web reinforcement on shear strength. The results showed that the distribution of external shear between the chord members and the collapse load of the beam depends not only on the cross-sectional properties, but also on the size and location of the opening.
The effects of introducing a transverse opening on the behavior and strength of reinforced concrete beams under shear are presented and discussed in Mansur (1998) . To classify the opening as large or small, some guidelines were observed. There are two types of diagonal tension failure that have been identified for small openings. A simplified method of design using the current codes of practice and numerical examples was proposed. Ashour and Rishi (2000) examined the continuous RC deep beams with small and large rectangular web openings. Experiments indicated that the reduction in the load capacity due to the provision of openings decreases as the openings are located closer to the end supports. High-strength RC deep beams with rectangular cross section were tested by Yang et al. (2006) . results showed that concrete strength has a lesser influence on the shear strength of deep beams with openings compared to solid beams and this effect increases as the shear span-to-depth a v d À Á ratio decreases. Diagonal cracks connecting the four corners of the opening to the loading and support points were found to cause the final shear failure. An experimental investigation on the strength and behavior of reinforced concrete beams with shear openings was carried out to evaluate the efficiency of using CFRP sheets for control local cracks around openings and to resist excessive shear stresses in the opening regions (Abdalla et al. 2003) . The effect of strengthening technique on several design parameters such as amount and configuration of the FRP sheets around the opening, deflection, strain, opening width and depth, ultimate load and cracking was investigated. The design of steel and composite beams with reinforced or unreinforced web openings using unified approach was presented by Darwin and Lucas (1990) and Darwin and Donahey (1988) . The procedures included solutions for the pure moment and pure shear strengths at openings, as well as a direct solution for member capacity at openings that subject to both bending and shear. Resistance factors obtained for steel is 0.929 and composite beams is 0.876. Based on their analysis, resistance factors of 0.90 and 0.85 used for steel and composite beams in a Adv Struct Eng (2016) 8:253-267 255 flexure appear to be good choices for both bending and shear at web openings. The behavior and analysis of thirteen RC concrete beams with square and circle openings strengthened by externally installed FRP rods were studied in which two types of strengthening are carried out by Pimanmas (2010) . The first type is to place FRP enclosing the opening and the second one is to place FRP diagonally to the beam. When FRP rods are placed diagonally to the beam's axis alongside the opening throughout the entire beam's depth, the original performance is almost completely recovered. The finite element analysis demonstrated that placing FRP rods far away from the opening does not provide strengthening effect on the beam. Their analysis proved that inclined FRP rods are more effective than vertical ones. The results of 12 reinforced fiber concrete deep beams with rectangular openings in the web are reported in Mansur and Alwis (1984) . The volume fraction of fibers, opening location, shear span to effective depth ratio and the amount of web reinforcement are considered as main parameters. The experimental results showed that the behavior and strength of deep beams was affected by the amount of web reinforcement (either in the form of discrete fibers or as continuous reinforcement) and the location of opening. An experimental investigation on eight reinforced-concrete continuous beams containing a large transverse opening is carried out in Mansur et al. (1991) . Test results indicate four clear different stages of behavior in the load-deflection curve of a continuous beam. Failure of the beam occurs by the formation of plastic hinges at the opening regions. The results concluded that the increase in the length or depth of opening decreases the strength and stiffness of the beam and increases the crack width. Moreover larger deflections produced and early beam failure occurred when openings located in a high moment region. Analysis of 21 steelconcrete composite beams with rectangular web openings was carried out by Fahmy (1996) . The effect of the opening eccentricity, opening height and opening length on the strength of the composite beam were presented. The results showed that the strength of beams is affected by opening height and length, and the decrease of positive openings eccentricity decreases the strength of the composite beam and vice versa. The experimental and analytical evaluation of 20 RC deep beams with openings and low shear span-todepth ratio was studied. Results showed that the reduction in load-carrying capacity occurs if the opening is placed within the shear span about 18-30 %, but if the opening located in the mid-span, it does not influence the response of the beam. ATENA code was used to predict analytical model and compared with experimental results. The results from proposed approach are in a good agreement with the experimental values and finite element analysis (Campione and Minafò 2012) . Aykac et al. (2013) tested nine RC beams with a 150 9 400 mm rectangular section and with a span length of 3900 mm to investigate the influence of multiple web openings along the length on strength parameters. Test parameters considered in their study are, the flexural reinforcement, the opening geometry, and the arrangement and material properties of the diagonal reinforcement around the openings. The experimental results indicated that the amount of tension reinforcement and reinforcement ratio had a great effect on beam behavior, test results were compared to that estimated from available equations. Structural idealization for deep beams with web openings was studied (Kong and Sharp 1977; Kong et al. 1978) . The idealization was based on pilot tests on 24 beams, and checked against a further 32 tests covering a much wider range of web openings and web reinforcement patterns. An improved shear strength equation and design observations are presented in their study. Aykac et al. (2014) studied RC beams with and without multiple web openings to investigate the effects of opening geometry, the use of longitudinal stirrups in the posts between the openings, the use of diagonal reinforcement around openings, and the longitudinal reinforcement ratio on the flexural behavior of RC beams with openings. The results showed that reinforced concrete beams with circular openings were found to have higher load capacities and ductility than beams with rectangular openings. Beams made by normal and high strength concrete were studied by Javad and Morteza (2004) .They investigated the effect of small circular opening on the shear and flexural and ultimate strength. The opening diameter, the position of opening, the type and location of reinforcement around the opening and changes in the strength of concrete are the main factors of the investigation. The results showed that the presence of diagonal reinforcement and stirrups in top and bottom of opening is useful. Tan et al. (2001) examined the adequacy of the ACI Code approach modified for the inclusion of transverse openings and for shear design of a beam with circular openings. The test results indicated that crack control and preservation of ultimate strength may be achieved by providing reinforcement around the opening. Later the premature crushing of the concrete can be avoided by reduce the high stress in the compression chord by using diagonal bars. The behavior of steel reinforced concrete (SRC) beams with an opening including the effects of various opening shapes and different values of moment to shear ratio on the strength was investigated by Chen et al. (2008) . The experimental study showed that the failure of the specimens with low moment to shear ratio by shear cracking and specimens with high moment to shear ratio demonstrated ductile behavior due to the confinement attributed to the stirrup and structural steel.
The effect of small circular opening on the shear and flexural and ultimate strength of beams was studied by Saksena and Patel (2013) .The changes of diameter and openings positions are the main factors of their study. The results showed that the presence of diagonal reinforcement and stirrups in top and bottom of opening is more significant. Vengatachalapathy and Ilangovan (2010) studied experimentally the behavior and ultimate strength of steel fiber reinforced concrete (SFRC) deep beams with and without web openings subjected to two-point loading. Nine reinforced concrete deep beams with dimensions of 750 mm 9 350 mm 9 75 mm were tested to destruction by applying gradually increased load. The theoretical formula obtained by Kong and Sharp' s was modified to calculate the ultimate load which compared by experimental results. The results gives clear indicator that the behavior and strength of deep beam affected by the location of openings and the amount of web reinforcement, either in the form of discrete fibers or as continuous reinforcement. The effects of opening sizes and locations on the shear strength behavior of reinforced concrete deep beams without web reinforcement were studied by Amin et al. (2013) . Many parameters effect the behavior of beam such as ( l d , a v d , f c and maximum size of aggregate) was taken into account. The finite element method with (ANSYS ? CIVILFEM) release 12.0 program was used to predict the main parameters. From the results they were reported that the main parameters were effected the behavior of deep beam. Sharp (1977) concerned with the general behavior in shear of single-span reinforced concrete deep beams and in particular the effects of web openings on their ultimate strength and serviceability. The test specimens comprised 75 lightweight and sixteen normal weight reinforced concrete deep beams with span-to-depth ratios ranging from one to two. The effects of a varied range of web openings on deflections, crack widths, cracking loads, failure modes, and ultimate shear strengths were studied, and the influence of web reinforcement was investigated.
Opening beams with strengthening
El Maaddawy and Sherif (2009) investigated thirteen deep beams with openings under four-point bending to examine the potential use of externally bonded CFRP composite sheets as a strengthening solution to upgrade this kind of beams. All beams has same rectangular section of 80 9 500 mm and 1200 mm length, Test parameters included the opening size, location, and the presence of the CFRP sheets. Externally bonded CFRP shear strengthening around the openings was found very effective in upgrading the shear strength of RC deep beams. The strength gain caused by the CFRP sheets was in the range of 35-73 %. Results predicted from theoretical methods compared with experimental results were within a 15 % error band and varied between 0.92 and 1.34 for un-strengthened and strengthened specimens, respectively. The behavior of RCC beam with rectangular opening strengthened by CFRP and GFRP sheets were studied by Diggikar et al. (2013) . Beams were strengthened externally by CFRP and GFRP sheets with different strengthening techniques, i.e., around the opening, inside the opening, inside and around the opening and double layer around the opening. From their experimental results it is concluded that the ultimate load carrying capacity of the RCC beam with opening strengthened with GFRP sheets of different schemes were increased in the range of 3.74-37.41 % and beams strengthened with CFRP sheets increased in the range of 9. 35-50.50 %. Ali et al. (2011) investigated the effect of the shape and dimensions of opening on the behavior of RC beams and they was examined the effectiveness of CFRP reinforcement in enhancing the flexural capacity of RC beams with opening at the flexural region. Results obtained from the study show that the L h À Á ratio and FRP sheets has great effect to increase the stiffness and capacity of all beams.
Strengthening RC beams with large circular and square opening located at flexure zone by CFRP laminates was studied in Chin et al. (2011) . They were explained clearly from the test results that large opening at flexure reduces the beam capacity and stiffness; and increases cracking and deflection. Test results showed that large opening at flexure reduces the beam capacity and stiffness; and increases cracking and deflection. An extensive experimental program consisting of testing 11 full scale RC beams were carried out by Vuggumudi (2013) . The variables investigated in this study included steel stirrups, shear span-todepth ratio, GFRP amount. The test results illustrated in the present study showed that the external strengthening with GFRP composites can be used to increase the shear capacity of RC T-beams, but the efficiency varies depending on the test variables such as fiber orientations, wrapping schemes, number of layers and anchorage scheme. The shear capacity of these beams has increased compared to the control beam which can be further improved if the debonding failure is prevented.
Analytical studies on performance RC beams with openings
A finite element FEM reinforced concrete model by using ANSYS 9 finite element program for both un-strengthened and CFRP-strengthened beams with opening using concrete element model 25 9 25 9 25 mm and discrete and smeared steel elements models was analyzed (Mahmoud 2012). The obtained deflection results have been compared with other experimental and FE model results in which using concrete element 100 9 42.5 9 42.5 mm, smeared steel distribution, and modeling CFRP with ANSYS 5 program and the results of studied parameters such as the maximum strains values for concrete and steel at failure loads for different opening sizes are very close. The prediction equations of torsional strength and failure mode of reinforced concrete beams with or without a small transverse opening based on the skew bending model were developed by Hasnat and Akhtanizzamam (1987) . The ratio between top and bottom longitudinal reinforcement, the torsion-moment ratio, and the moment-shear ratio are main parameters. The theoretical results presented gave quite close agreement with the experimental results. Al-Shaarbaf et al. (2007) developed a three-dimensional nonlinear finite element model suitable for the analysis of reinforced concrete beams with large openings under flexure. Numerical studies including some material parameters such as concrete compressive strength, amount of longitudinal tensile reinforcement and opening size on the load-deflection response were conducted. The finite element results showed that the extent of the bottom steel reinforcement decreased with an increase in the length or depth of the opening and the ultimate load and post-cracking stiffness increased with an increase in the concrete compressive strength. Hawileh et al. (2012) developed 3D nonlinear finite element (FE) models for twelve reinforced concrete deep beams containing web openings and strengthened in shear with CFRP composite sheets. They used the FE models, solid elements for concrete, multi-layer shell elements for CFRP and link elements for steel reinforcement to simulate the physical models. The developed FE models can serve as a numerical platform for performance prediction of RC deep beams with openings strengthened in shear with CFRP composites. Experimental data published in the literature compared with the FE results to demonstrate the validity of the computational models in capturing the structural response for both un-strengthened and CFRPstrengthened deep beams with openings. The predicted failure loads and deflection capacities were within 3.2 and 14 % error band, respectively. Two cases of simply supported reinforced concrete rectangular section beams with circular and square opening were investigated numerically. The results obtained from finite element analysis software (ANSYS 10) showed that the performance of the beams with circular openings with diameter less than 0.48 of the beam depth has no effect on the ultimate load capacity of the RC rectangular section beams. The ultimate shear capacity of the beams reduced by 26 % when the opening exceeding 0.48D .
Ultimate strength analysis method of steel-concrete composite beams with unreinforced rectangular web openings is presented. Complete interaction between the steel beam and concrete slab is assumed in the analysis.
Comparisons are made with test results reported in the literature by other investigators and showed good agreement. They also presented the effect of the opening eccentricity, opening height and length on the strength of the composite beam. Fahmy and Hassanein (2002) used finite difference method and developed analytical model to investigate the behavior of composite beams with web openings. Variation of the shear force along the opening length is considered, the results conducted by analytical model were compared with some available experimental results and showed good agreement.
An analytical study on reinforced concrete T-beams strengthened in shear with L-shaped FRP plates was presented to develop design equations for RC beams retrofitted in shear using L-shaped FRP plates (Mofidi et al. 2013) . Many type of mode of failure such as FRP overlap failure at the beam soffit, breakout of concrete at the embedded part of the FRP plate and FRP pull-off at the epoxy/FRP interface were presented. To calculate the FRP contribution to the shear resistance of RC beams strengthened with L-shaped FRP plates and distinguish the mode of failure, a new design equation depend on experimental data collected from the literature was developed. Mohamed et al. (2014) used finite element method to predict the behavior of reinforced concrete deep beams with web openings. The effect of the reinforcement distribution on the beam overall capacity was studied and results compared to the Egyptian code guidelines and shown good agreement. They concluded that the reduction in beam's capacity ranged from 6 to 8 % depending on the opening dimensions, the depth of the opening should not exceed 20 % of the beam overall depth (0.2d) and the reinforcement distribution should be in the range of 0.1-0.2H for simply supported deep beams. State of the art work on the behavior, analysis and design of RC beams with transverse web openings presented to discuss the structural behavior, classification of openings and guidelines for opening location of RC beams with web openings by various design approaches such as the American Concrete Institute (ACI) approaches, the Architectural Institute of Japan (AIJ) approach and the strut and tie method (Ahmed et al. 2012; Osman et al. 2016) . Finite element investigation of steel beams with large web openings of various shapes and sizes was carried out to study the failure modes, moment-shear interaction and yield patterns Liu and Chung 2003) . Results showed that all steel beams with large web openings of various shapes behave similarly under a wide range of applied moments and shear forces. An extensive parametric study using finite element method, a simple empirical design method applicable for perforated sections with web openings of various shapes and sizes is developed.
Nonlinear finite element modeling and analysis of steel fiber reinforced concrete (SFRC) deep beams with and without openings in web subjected to two-point loading was presented by Majeed (2012a, b) . The percentage of steel fiber used in the study was varied from 0 to 1.0 %. The study concluded that the location of openings and the amount steel fiber are affects to the behavior and strength of deep beams. The results obtained by using finite element analysis are very close to that obtained by experimental work. Majeed (2012a, b) studied the experimental and nonlinear finite element (ANSYS 11) analysis to creating square openings in existing RC beams and strengthening with CFRP laminate. The results indicated that the strengthened beam recorded the highest failure load and its mode of failure was ductile. Chin et al. (2012) presented two dimensional nonlinear finite element analyses of RC beams to validate against the laboratory test results. The results of the finite element model show good agreement with that of the experimental beams. Mansur (2006) summarized the analysis and designs of such beams under the most commonly encountered loading case of bending and shear. It has been shown that the design method for beams with large openings can be further simplified without sacrificing rationality and having unreasonable additional cost, and he was explained how to creating an opening in an already constructed beam and how to deal with multiple openings.
The design specifications of openings in the web for simply supported reinforced concrete beams and rectangular concrete beams conducted by previous researchers were reviewed. Investigation of the strength losses in RC beam due to the presence of large square openings placed at two different locations in shear region was examined by . Also, in order to re-gain the beam structural capacity loss due to the openings, strengthening by CFRP laminates around the openings were studied. Nonlinear finite element program ATENA was used to validate the results. The mid-span deflection and cracks patterns of tested beams obtained by finite element model showed good agreement with the experimental data. The effects of opening shape and location on the structural strength of RC deep beams with opening was studied (Alsaeq 2013). The numerical results show fair agreement with the experimental results with a difference of no more than 20 %. The present work concludes that the opening location has more effect on the structural strength than the opening shape. It was concluded that placing the openings near the upper corners of the deep beam may double the strength, and the use of a rectangular narrow opening, with the long sides in the horizontal save up to 40 % of structural strength of the deep beam. Saksena and Patel (2013) used finite element method using ANSYS 14.0 to simulate the simply supported concrete beams consisting of circular openings with varying diameters at different locations. Numerous models of simply supported reinforced concrete rectangular section beams with circular opening were loaded monotonically with two incremental concentrated loads. The beams were simulated to obtain the load-deflection behavior and compared with the solid concrete beam. The results obtained from this study showed that the performance of the beams with circular openings at center of span has lesser effect on the ultimate load capacity of the RC rectangular section beams. Introducing the circular opening of diameter of 45 % of depth near the support reduces the ultimate load capacity of the RC rectangular section beams at least 32 % compared to solid beam.
The compile state of the art information on the behavior, analysis, and design concrete beams that contain transverse openings through the web was conducted by Mansur and Tan (1999) . The behavior of such beams under bending, shear, and torsion is treated in the book. Design methods based on plastic hinge mechanism, plasticity truss and strut-and-tie models, and skew-bending theory are described and illustrated with numerical example. A set of simple and reliable design equations for high strength concrete deep beams with opening was developed by Yoo (2011) . Deep beams with web opening but without web reinforcement are given particular attention in his investigation. The finite element method was used to conduct a series of parametric studies and the failure mechanism of concrete deep beams with opening was offered by numerical analysis through detailed examination of their ultimate load versus crack patterns and deflection response. Several researchers presented an analytical discussion of current research and findings on reinforced concrete beams with openings at home and abroad covering its classification, mechanical property, modes of collapse, calculation of shear strength, deflection and crack characteristics (Yao 2005; Hong-jian and Feng-chao 2009) . Finite element analysis method is introduced and results compared with that obtained from the seismic performance analysis. Seismic behaviors of steel moment resisting frame including opening in beam web was investigated (Li et al. 2006; Jiang et al. 2008; Hui-rong 2009) . Experimental results show that steel moment resisting frame (MRF) including opening in beam web closed to connection can satisfy the design requirement. Results shown that, rotations around beam-to-column connection decrease and brittle weld fracture can be avoided and seismic behaviors of steel MRF are improved due to opening in beam web. Analysis results show that with appearance of opening in beam web, the rigid of steel MRF is not weakened, and the failure mode of a ductile frame is formed.
Evaluation of some equations presented in common codes and methods
The following equations give brief review of the shear design method for RC beams specified in the ACI codes and other common codes of practice.
ACI codes

Beams without opening
The ACI code suggested two alternative methods (ACI 1995 (ACI , 2002 (ACI , 2005 (ACI , 2008 :
(a) Detailed method: The detailed method makes an attempt to include the effect of concrete strength, dowel action of longitudinal reinforcement bars, and the momentto-shear ratio at the section on ultimate shear strength. The equation predicting the shear strength of a beam is given:
which V u , M u are factored shear force and factored moment respectively; q w is reinforcement ratio; b w is web width; and d is effective depth; and V u d M u 1:0: (b) Simplified method: the ACI code permits use of below equation to predict shear strength:
If values of q w are less than 0.0012, the following equation is suggested
For beams with shear reinforcement, the ACI consider nominal shear strength, V n as flow:
which V c is shear strength of concrete; V s is shear strength of shear reinforcement. Shear strength for inclined stirrup at an angle a with horizontal suggested as:
which A v ; f yv are area of shear reinforcement in distance s and is the yield strength of shear reinforcement, respectively (Fig. 4) . When a = 90°(vertical stirrups are used) the above equation reduces to
Minimum shear reinforcement, maximum stirrup spacing and maximum shear were provided from following equations, respectively: 
Formulations for the shear resistance of external FRP sheets bonded to a rectangular beam are often described differently by various researches and design guidelines. Most are in fact based on the same equation that incorporates beam geometry, FRP geometry, and FRP effective strength or strain. This basic equation for the unfactored shear resistance attributed to FRP can be expressed in the following form (ACI 2008; Aykac et al. 2013 ): Fig. 4 Shear strength v s provided by shear reinforcement at a solid beam, b beam with an opening (Mansur and Tan 1999) 
where q f = the FRP reinforcement ratio, b w = the beam web width, f fe = the FRP effective stress in the principal fiber direction, and h = the principal compressive stress inclination. The FRP effective stress is defined as the effective strain multiplied by the modulus of elasticity E f . The term b f = the angle of the FRP principal tensile fibers, measured with respect to the member longitudinal axis. The term d f = the effective depth of the FRP, the definition and calculation of which varies by code, and is sometimes presented as the effective height, h fe . The FRP reinforcement ratio is defined as follows:
A f is calculated as the total FRP thickness on both beam web faces multiplied by the width of a FRP strip (w f ).
Beams with opening
When the beam contains a small opening, the term d replaced by net depth, (dd 0 ) , then the nominal shear strength of beam without shear reinforcement, but containing opening becomes
V sv and V sd is the contribution of vertical and diagonal reinforcement, respectively, V d is total area of diagonal reinforcement, / is reinforcement inclination angle and f yv is diagonal reinforcement yield strength.
Japanese code (Architectural Institute of Japan (AIJ) 1994)
The Architectural Institute of Japan (AIJ) code showed the shear strength estimation of reinforced concrete beam with opening through this formula: 
In this equation q w is ratio of shear reinforcement around the opening, and k u and k p , are factors which are dependent to the height of section and the ratio of longitudinal reinforcement, respectively.
where d v is the distance between the top and bottom longitudinal bars; A v is area of web reinforcement (vertical stirrup or diagonal bar); a is angle of inclination of web reinforcement; and f yv is yield strength of web reinforcement.
The method of plastic truss will obtain the shear strength of segment with opening from the following equations:
The contribution of FRP in shear strength obtained from following equation:
where z = the lever arm length, taken as d/1.15. The term f fud is the ultimate tensile strength of the FRP in MPa, which is reduced by an efficiency factor given as:
where K was determined through the regression of experimental results and is to be taken between 0.4 and 0.8. The term R, is taken between 0.5 and 2, and is given by the following:
Plasticity method
In a beam with openings, however, it is difficult to develop an arch mechanism, and consequently, the applied shear is transferred by means of a truss mechanism. A beam has a circular opening only when the beam is reinforced transversely by vertical stirrups, as shown in Fig. 5 . The effective depth d tw for the truss mechanism is defined as:
where d 0 is the diameter of the circular opening (or that of a circumscribed circle in the case of a square or rectangular opening), and S v is the spacing between the two stirrups, one on each side adjacent to the opening. Assuming yielding of stirrups, the concrete compressive stress in the shaded portion is given by:
where q v is the ratio of shear reinforcement placed adjacent to the opening and f yv is the yield strength of the stirrups. The shear strength of the beam with an opening is given by:
This applies when diagonal steel reinforcement bars are provided and the development length is anchored outside of the stirrups adjacent to the opening. The contribution of the diagonal bars to the shear capacity is given by:
where h d is the angle of inclination to the axis of the beam, and A d is the cross-sectional area of the diagonal bars, d tw is the effective depth and U s is angel of diagonal compression struts of concrete element.
Plastic hinge method
This method was developed by Mansur and Tan (1999) ; they stated three steps to set design equation of RC beams with opening.
(1) Determination of longitudinal reinforcement for the compression chord: The top reinforcement will be lighter than the bottom reinforcement when the beam is subject to a sagging moment and the same amount is usually continued throughout the length of the beam, including the opening region. To restore the strength and avoid brittle failure of the beam due to the provision of openings additional reinforcement is required
(2) Determination of the shear force carried by the compression chord: The axial force acting on compression chord, the axial forces (N t and N b ), the bending moments (M t and M b ), and the shear forces (V t and V b ) are given by:
where M m and V m are the applied moment and shear force, respectively.
If the contra flexure points occur at the midpoint of the chord members (M t = M b = 0), then
Shear force which can be transmitted through the compression chord at ultimate may be obtained as:
where l 0 is the length of opening (Fig. 6 ). (3) Determination of the moments and forces at critical sections and design the tension chord: For symmetry reinforcement, the contra flexure point will be at mid-span and the moment at the critical end section is then given by:
For symmetrical arrangement of reinforcement, approximated by straight lines, is shown in design chart below when using the capacity reduction factor. A comparison between experimental and theoretical results from some published papers is shown in Table 1 .
Conclusions
The importance of the study in the strengthening of the RC beam with opening using CFRP laminate in the strengthening system provides an economical and multiple solutions for extending the service life of opened reinforced concrete beams. This paper reviewed the existing research works on reinforced concrete beams with transverse web openings strengthened by CFRP, GFRP, steel reinforcement or steel plate and settled the baseline for future researches. The results of this works conclude the following. The contribution of strengthening materials such as FRP and steel plate in reinforced concrete beams with openings assist engineers to evaluate safety depending on required 
Recommendations
Build on the strength of the previous study and considering their limitations we recommend the following techniques to strengthened RC beams with openings:
The use of different options of strengthening techniques, such as bolted steel plate, combined steel plate with FRP, end Anchor, spacing and fiber layer and orientation, to study the real response of strengthened beams with openings to these techniques. Moreover, the parameters including the failure mode, opening size and location, end of anchorage, FRP orientation, number of FRP layer, spacing, strength scheme and shear capacity should be investigated under cyclic, seismic and dynamic load.
The effects of some parameters such as combined shear and torsion, long-term and short-term deflection, effect of thermal expansion and punching shear on shear behavior of strengthened RC beams with openings require more research to improve the practicality of design formulas.
The modification and updating of ACI, AIJ equations and others which obtained by different methods to solve RC beams with large opening depending on eldest equations and to improve the understanding of reinforced concrete beams with openings strengthened by CFRP or steel plate that subjected to different loading type.
Future researches need more studies in RC beams with opening strengthening by FRP and significant concentration on determination of the suitable number of layers and thickness of FRP at different loading stages as well as finding a relation between several parameters such as shear span, effective span, loading type, beam dimensions and strengthening types. Furthermore, a complete awareness for reinforced concrete beams with opening strengthened with FRP and steel plate under static or dynamic load, owing to efficiently contribution in the concrete structures repair tasks as well as, the reduction of the structure dimensional stability is needed.
More studies are needed on low strength concrete members strengthened by FRP, to examine the efficiency of strengthening on these structures comparing with normal and high strength concrete.
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